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1
MOTOR-VEHICLE HEADLIGHT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of and claims the benefit
of priority of International Application No. PCT/DE2006/
000631, filed Apr. 10, 2006, which claims priority to German
Patent Application No. 10 2005 020 083.0, filed Apr. 29,
2003, the contents of which are incorporated herein by refer-
ence.

FIELD OF INVENTION

This disclosure relates to a motor-vehicle headlight.

BACKGROUND OF THE INVENTION

The document U.S. Pat. No. 6,601,982 B2 describes a prior
art motor-vehicle headlight.

SUMMARY OF THE INVENTION

A motor-vehicle headlight 1s disclosed.

Preferably the motor-vehicle headlight achieves one or
more of the following objects: long-life; versatility; and a
particularly variable emission characteristic.

According to at least one embodiment of the motor-vehicle
headlight, the motor-vehicle headlight contains a light-emait-

ting diode. The motor-vehicle headlight preferably contains a
large number of light-emitting diodes. Each light-emitting
diode contains at least one light-emitting diode chip. The
light-emitting diode preferably contains a plurality of light-
emitting diode chips. The light-emitting diode chips 1n one
light-emitting diode are preferably followed by light-emitting
diode optics in the main emission direction of the light-emat-
ting diode chips.

The light-emitting diodes in the motor-vehicle headlight
are preferably suitable for the production of white light. For
this purpose, a light-emitting diode 1n a motor-vehicle head-
light may comprise a plurality of light-emitting diode chips
whose radiation 1s mixed to form white light. Furthermore, it
1s also possible for the light-emitting diode chips 1n the light-
emitting diode to be followed by a luminescence conversion
material. The electromagnetic radiation emitted from the
light-emitting diode chips 1s then mixed with the frequency
converted component of the radiation to form white light.

Furthermore, 1t 1s also possible for at least one of the
light-emitting diodes in the headlight to be suitable for pro-
duction of light of a specific colour—for example yellow
light. Furthermore, it 1s also possible for at least one of the
light-emitting diodes in the headlight to be suitable for pro-
duction of infrared electromagnetic radiation.

According to at least one embodiment of the motor-vehicle
headlight, the motor-vehicle headlight contains an apparatus
tor controllable manipulation of the beam path of the electro-
magnetic radiation emitted from the light-emitting diode. The
apparatus 1s preferably suitable for controllable manipulation
of the beam paths of a plurality of light-emitting diodes asso-
ciated with the apparatus.

The expression manipulation of the beam path of the elec-
tromagnetic radiation emitted from a light-emitting diode
could be understood, for example, as meamng a disturbance,
an intluence or a change 1n the beam path. Manipulation of the
beam path may, for example, comprise a direction change, a
change 1n the 1intensity, collimation, scattering, focusing, {fil-

10

15

20

25

30

35

40

45

50

55

60

65

2

tering or frequency conversion of the emitted radiation. For
this purpose, the apparatus 1s arranged 1n the beam path of the
light-emitting diode.

Controllable means that the manipulation 1s carried out 1n
a manner which can be predetermined externally. This means
that, for example, a human user or a computation unit can use
the apparatus to specifically manipulate the beam path of the
light-emitting diode. The beam path 1s then manipulated 1n a
defined, predeterminable manner. Controllable also means
that the apparatus can be used to switch between at least two
states. It 1s preferably possible to switch between a large
number of different states. This means thatif, for example, the
mampulation of the beam path comprises a direction change
of the emitted radiation, then it 1s possible to use the apparatus
to choose between at least two directions to which the beam
path 1s detflected. It 1s preferably possible to choose between
a large number of radiation directions. The direction change
can particularly preferably be varied continuously, at least 1n

a specific angular range.

According to at least one embodiment of the motor-vehicle
headlight, the motor-vehicle headlight contains a light-emait-
ting diode and an apparatus for controllable manipulation of
the beam path of the electromagnetic radiation emitted from
the light-emitting diode. The electromagnetic radiation emit-

ed from the light-emitting diode forms at least a part of the
clectromagnetic radiation emitted from the headlight. This
means that the emission characteristic of the light-emitting
diode forms the emission characteristic of the headlight, or a
part of the emission characteristic of the headlight, by the
emission characteristics of a plurality of light-emitting diodes
being superimposed to form the emission characteristic of the
headlight. It 1s thus possible to deliberately vary the emission
characteristic of the headlight by manipulation of the beam
path of the at least one light-emitting diode. In this case, the
expression emission characteristic means the spatial intensity
or brightness distribution of the emitted light. For example,
the headlight may have a conical emission characteristic. This
means that the areas of 1dentical intensity or brightness in the
emitted light form a cone in space. Furthermore, a large
number of other shapes of the emission characteristic of the
headlight are possible.

In this case, inter alia, the headlight makes use of the 1dea
that 1t 1s possible to switch between difierent emission char-
acteristics of the headlight by means of the apparatus, by
mampulation of the beam path of the electromagnetic radia-
tion emitted from the light-emitting diode. For example, the
apparatus can be used to switch between emission character-
1stics for various traific and lighting situations. The apparatus
1s, for example, suitable for defined selection of different
emission characteristics for urban driving, driving on motor-
ways and/or different weather conditions such as rain and fog.
Furthermore, 1t 1s also possible for the apparatus to allow
readjustment of the direction of the emission characteristic of
the headlight when turning.

According to at least one embodiment of the motor-vehicle
headlight, the apparatus 1s suitable for retlection of the elec-
tromagnetic radiation emitted from the light-emitting diode.
This means the apparatus 1s at least partially located 1n the
beam path of the light-emitting diode and i1s suitable for
reflection of at least a part of the electromagnetic radiation
emitted from the light-emitting diode. By way of example, the
apparatus may 1n this case be suitable for defined adjustment
of the direction of the electromagnetic radiation emitted from
the light-emitting diode. It 1s also possible for the apparatus to
be suitable for collimation or widening of the radiation emait-
ted from the light-emitting diode, by means of reflections.
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Furthermore, 1t 1s possible for the apparatus to be suitable for
diffuse reflection of at least a part of the emitted radiation.

According to at least one embodiment of the motor-vehicle
headlight, the apparatus 1s suitable for refraction of at least a
part of the electromagnetic radiation emitted from the light-
emitting diode. Refraction, makes 1t possible, for example, to
carry out a direction change, collimation or widening of the
radiation emitted from the light-emitting diode. The appara-
tus can preferably be used to adjust the refraction in a defined
manner. This means, for example, that the refractive index can
be adjusted 1n a defined manner. It 1s also possible to use the
apparatus to adjust the position of an optically refractive
clement 1n the beam path of the light-emitting diode. By way
of example, this means that a specific proportion of the radia-
tion emitted from the light-emitting diode can be refracted in
a defined manner, while another portion of the radiation
remains unrefracted.

According to at least one embodiment of the headlight, the
apparatus 1s suitable for scattering at least a part of the elec-
tromagnetic radiation emitted from the light-emitting diode.
This means that the electromagnetic radiation emitted from
the light-emitting diode 1s widened and mixed by means of
the apparatus. The degree of scatter, that 1s to say the widen-
ing, and the degree of mixing are preferably in this case
adjustable.

According to at least one embodiment, the apparatus 1s
suitable for absorption of the radiation emitted from the light-
emitting diode. This means that at least a part of the electro-
magnetic radiation emitted from the light-emitting diode can
be absorbed 1n a defined manner by means of the apparatus.
For example, this can be achieved by a shutter being movable
in the beam path of the light-emitting diode.

According to at least one embodiment, the apparatus 1s
suitable for filtering at least a part of the radiation emitted
from the light-emitting diode. By way of example, this can be
achieved by moving a filter element 1n the beam path of the
light-emitting diode. This means, for example, that the appa-
ratus 1s suitable for reducing the intensity of the radiation
emitted from the light-emitting diode. The emission charac-
teristic of the headlight can thus be matched to the external
lighting conditions. It 1s also possible for the apparatus to be
suitable for filtering radiation at specific wavelengths, so that
the headlight emits light of a specific colour. This makes it
possible, for example, to select yellow light, which 1s particu-
larly highly suitable for driving 1n fog.

According to at least embodiment of the motor-vehicle
headlight, the apparatus 1s suitable for carrying out two or
more of the stated functions. For example, the apparatus may
thus be suitable for simultaneous reflection and scattering of
the electromagnetic radiation emitted from the light-emitting,
diode. By way of example, a diffusely reflective mirror can be
used for this purpose. It 1s also possible, for example, for the
apparatus to be suitable for refraction and filtering of electro-
magnetic radiation. By way of example, a lens which contains
colour pigments can be used for this purpose. Furthermore, a
large number of further combinations of the mentioned func-
tions are feasible 1n one apparatus. It 1s also possible to use the
apparatus to switch between different functions of those men-
tioned.

According to at least one embodiment of the motor-vehicle
headlight, the apparatus comprises a deflection mirror. The
deflection mirror 1s suitable for defined variation of the direc-
tion of at least a part of the electromagnetic radiation emitted
from the light-emitting diode. For example, the deflection
mirror can be moved relative to the beam path of the light-
emitting diode in order to deflect the electromagnetic radia-
tion emitted from the light-emitting diode 1n a defined manner
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in a specific direction. For this purpose, the deflection mirror
can preferably be moved relative to the beam path of the
light-emitting diode. This allows the radiation emitted from
the light-emitting diode to be readjusted to the match the
curvature of the curve when turning.

It 1s also possible to use the movement of the deflection
mirror to vary the direction of the radiation emitted from the
light-emitting diode relative, for example, to the roadway on
which the motor vehicle 1s moving. For example, the direc-
tion of the radiation can be deflected downwards—towards
the roadway—or upwards—away from the roadway. This
allows the direction of the emitted light to be matched to the
inclination of the motor vehicle.

According to at least one embodiment of the motor-vehicle
headlight, the detlection mirror 1s mounted such that 1t can
rotate. For example, the detlection mirror may be mounted
such that 1t can rotate about a plurality of axes. In this case, for
example, the detlection mirror can be rotated not only 1n order
to compensate for the inclination of the vehicle but also to
readjust the beam direction of the light-emitting diode when
turning.

According to at least one embodiment of the motor-vehicle
headlight, the deflection mirror comprises a polygonal wheel
mirror. This means that the detlection mirror comprises a
plurality of mirror surfaces which are arranged to form a
polygon wheel. For this purpose, the deflection mirror has a
cylindrical shape, by way of example, with the outer surface
of the cylinder being formed by a plurality of planar or curved
mirror surfaces.

The polygonal wheel mirror can preferably be moved rela-
tive to the beam path of the light-emitting diode, for example
by being mounted such that it can rotate. The direction of the
reflected radiation can be adjusted by rotation of the polygo-
nal wheel mirror about 1ts longitudinal axis.

According to at least one embodiment of the motor-vehicle
headlight, the polygonal wheel mirror 1s mounted such that 1t
can rotate in such a way that different mirror surfaces of the
polygonal wheel mirror are i1lluminated by rotation of the
polygonal wheel mirror. This means that it 1s possible for the
polygonal wheel mirror to be rotated through an angle such
that a different mirror surface—for example an adjacent mir-
ror surface—is 1lluminated by the light-emitting diode. This
means that 1t 1s possible to switch between the 1llumination of
different mirror surfaces by rotation of the polygonal wheel
MIrror.

According to at least one embodiment, the polygonal
wheel mirror has at least two mirror surfaces with different
optical characteristics to one another. For example, one of the
mirror surfaces may be shaped in such a manner that it 1s
suitable for collimation of the radiation emitted from the
light-emitting diode. For this purpose, for example, the mirror
surface may have a concave curvature. This makes it possible
to produce concentrated radiation as 1s used as part of main-
beam switching of the headlight.

A fTurther mirror surface of the polygonal wheel mirror may
be suitable for diffuse reflection of the light from the light-
emitting diode. This makes 1t possible, for example, to pro-
duce a broad beam cone from the arrangement as may be
used, for example, when the headlight 1s switched for urban
driving. It 1s thus possible to switch between different emis-
sion characteristics of the arrangement comprising the light-
emitting diode and polygonal wheel mirror, and thus of the
headlight, by 1llumination of the different mirror surfaces of
the polygonal wheel mirror.

According to at least one embodiment, the apparatus for
controllable manipulation of the beam path of the electro-
magnetic radiation emitted from the light-emitting diode
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comprises a wedge-shaped pane. This means that the pane
has, for example, a triangular cross section.

The wedge-shaped pane 1s formed from a material through
which at least some of the electromagnetic radiation emitted
from the light-emitting diode can pass. When passing through
the pane, at least a part of the electromagnetic radiation emit-
ted from the light-emitting diode 1s refracted. This allows the
direction of the radiation to be changed in a defined manner.
The wedge-shaped pane 1s preferably in the form of a solid
body, which means that the wedge-shaped pane preferably
has no cavities. The wedge-shaped pane 1s then formed from
a homogeneous material. By way of example, the wedge-
shaped pane may 1n this case be composed of a glass.

According to at least one embodiment of the motor-vehicle
headlight, the position of the pane can be moved in the beam
path of the light-emitting diode. This means that the pane can
preferably be moved 1n directions longitudinally and/or trans-
versely with respect to the beam path. This makes it possible
to adjust any direction change of the electromagnetic radia-
tion on the basis of the refraction of the pane, 1n a defined
manner. By way of example, the position of the wedge-
shaped pane 1n the beam path can be varied 1n order to vary the
optical position or the optical distance of the light-emitting
diode relative to a projection lens. Furthermore, the direction
change of the radiation 1s governed by the beam angle of the
wedge and by the refractive index of the material from which
the wedge-shaped pane 1s formed.

Furthermore, 1t 1s also possible for the wedge-shaped pane
to have at least parts which are designed to scatter or to filter
light. Wideming of the beam cone, darkening or a colour
change of the emitted electromagnetic radiation can then be
achieved by movement of a part of the wedge into the beam
path of the light-emitting diode, 1n order to change the direc-
tion. The degree of scatter or darkening can in this case be
adjusted by the thickness of the pane 1n the radiation path, and
thus by means of the position of the pane in the beam path of
the light-emitting diode.

According to at least one embodiment of the motor-vehicle
headlight, the apparatus for controllable manipulation of the
beam path of a light-emitting diode comprises an element
whose optical characteristics can be adjusted by application
of an electrical voltage. For this purpose, the element 1s
arranged 1n the beam path of the light-emitting diode 1n such
a way that 1t can optically influence at least a part of the
clectromagnetic radiation emitted from the light-emitting
diode. The optical characteristics of the element may, for
example, comprise the refractive index, absorption character-
istics, filter characteristics or light-scattering characteristics
of the element.

According to at least one embodiment, the element con-
tains an electrochromic material. This means that the colour
filter characteristics of the element can be adjusted as a func-
tion of a voltage which 1s applied to the element. The element
can then, for example, be switched such that it transmits only
more light of a specific colour. This makes it possible, for
example, to produce yellow light from a headlight, which 1s
particularly highly suitable for driving in fog.

According to at least one embodiment of the motor-vehicle
headlight, the element 1s made of seli-darkening glass. This
means that the radiation absorption characteristics of the ele-
ment can be adjusted as a function of a voltage which 1s
applied to the element. For example, the intensity and/or the
brightness of the light which 1s emitted from the light-emait-
ting diode can be reduced 1n this way. An element such as this
1s suitable, for example, for daylight driving or for dipped-
beam selection.
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According to at least one embodiment of the motor-vehicle
headlight, the element comprises a switchable diffusor pane.
This means that the light scattering characteristics of the
clement can be adjusted as a function of a voltage which 1s
applied to the element.

The degree of scatter produced by the diffusor pane 1s 1n
this case preferably dependent on the voltage applied to the
diffusor pane. A relatively high degree of scatter of the elec-
tromagnetic radiation emitted from the light-emitting diode
can thus be used for a relatively broad emission characteristic,

in order to 1lluminate the area directly 1n front of the motor
vehicle.

An emission characteristic such as this 1s suitable, for
example, for drniving slowly 1 an urban region. Reduced
scatter 1s suitable, for example, for driving on country roads.

According to at least one embodiment of the motor-vehicle
headlight, the refractive index of the element can be adjusted
as a function of the voltage which 1s applied to the element.
By way of example, the element may for this purpose com-
prise a high-voltage membrane. It 1s thus possible, for
example, to switch between different emission characteristics
by variation of the voltage which 1s applied to the membrane.

According to at least one embodiment of the motor-vehicle
headlight, the position of the light-emitting diode relative to
an optical element 1s variable. The optical element may, for
example, comprise a lens. By way of example, the direction of
the radiation can be changed by changing the position of the
light-emitting diode relative to the optical element. The direc-
tion of the beam cone can then, for example, be matched to the
curvature of a curve by changing the position of the light-
emitting diode relative to the optical element.

According to at least one embodiment of the motor-vehicle
headlight, the headlight has at least two light-emitting diodes.
The light-emitting diodes are preferably arranged 1n the head-
light such that they are suitable for 1llumination of different
spatial angle areas.

This means that, for example, the main emission direction
of a first group of light-emitting diodes—comprising at least
one light-emitting diode—points in the straight-ahead direc-
tion away from the motor vehicle, while the main emission
directions of further light-emitting diodes include an angle
with the main emission direction of this group. These further
light-emitting diodes can then, for example, be switched on

when the motor vehicle 1s turming, so that the direction of the
light emitted from the headlight in this way follows the profile
of the curve. For this purpose, the light-emitting diodes may,
for example, also be arranged on a flexible circuit board of
appropriate shape.

The headlight in this case preferably has a switching appa-
ratus which 1s suitable for switching light-emitting diodes as
a function of the direction of travel of the motor vehicle. This
means that the switching apparatus may, for example, be
coupled directly to a steering apparatus for the motor vehicle.
Any steering movement then results 1n appropriately aligned
light-emitting diodes then being switched on. Light-emitting
diodes which emait light 1n the straight-ahead direction can be
dimmed or switched off by the switching apparatus when
turning. When the steering apparatus 1s moved back to the
position for driving straight ahead, the light-emitting diodes
for turning light are switched off again by means of the
switching apparatus.

The motor-vehicle headlight described here will be
explained in more detail in the following text using exemplary
embodiments and with reference to the associated figures.

DESCRIPTION OF THE DRAWINGS

Identical components or components having the same
elfect are each provided with the same reference symbols 1n
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the exemplary embodiments and figures. The 1llustrated ele-
ments should not be regarded as being to scale, and 1n fact

individual elements may be illustrated 1n an exaggerated
enlarged form, 1 order to assist understanding.

FIG. 1 shows a schematic perspective sketch of the light-
emitting diode and of the apparatus for controllable manipu-
lation of the beam path of the light-emitting diode, according
to a first exemplary embodiment.

FIG. 2 shows a schematic perspective sketch of the light-
emitting diode and of the apparatus for controllable manipu-
lation of the beam path of the light-emitting diode according
to a second exemplary embodiment.

FIGS. 3A, 3B and 3C show a schematic perspective sketch
of the light-emitting diode and of the apparatus for control-
lable manipulation of the beam path of the light-emitting
diode according to a third exemplary embodiment.

FIG. 4 shows a schematic perspective sketch of the light-
emitting diode and of the apparatus for controllable manipu-
lation of the beam path of the light-emitting diode according
to a fourth exemplary embodiment.

FIG. 5 shows a schematic perspective sketch of the light-
emitting diode and of the apparatus for controllable manipu-
lation of the beam path of the light-emitting diode according
to a fifth exemplary embodiment.

FIG. 6 A shows a schematic perspective sketch of the light-
emitting diode according to a first exemplary embodiment.

FIG. 6B shows a schematic perspective sketch of the light-
emitting diode according to the first exemplary embodiment,
with light-emitting diode optics.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a schematic perspective sketch of a light-
emitting diode 20 with an apparatus for controllable manipu-
lation of the beam path 21, 22 of the electromagnetic radiation
emitted from the light-emitting diode.

The apparatus 1s a polygonal wheel mirror 10. The polygo-
nal wheel mirror 10 has mirror surfaces 11a, 115 and 11c.
Furthermore, the polygonal wheel mirror 10 may have further
mirror surfaces. The maximum number of mirror surfaces can
in fact by determined by the number of edges of the polygon.

The optical characteristics of the mirror surfaces 11a, 115
and 11¢ of the polygonal wheel mirror 10 may differ {from one
another. For example, the mirror surfaces may be suitable for
focusing or scattering of the radiation 21 arriving at them
from the light-emitting diode 20. The optical characteristics
of the mirror surfaces 11q, 115, 11¢ determine the emission
characteristic of the radiation 22 reflected by the mirror sur-
faces. This means that the mirror surfaces 11a, 1156, 11¢ can
determine characteristics such as shape, intensity distribu-
tion, colour, direction and beam angle of the retlected radia-
tion 22.

By way of example, one of the mirror surfaces 11a, 115,
11¢ may comprise a sandpaper mirror. A sandpaper mirror
such as this has a roughened, retflective surface. Incident
radiation 21 1s reflected diffusely on the sandpaper mirror.
This makes 1t possible, to produce an emission characteristic
from the headlight which i1s particularly suitable for urban
driving. This means that the area in front of the car 1s 1llumi-
nated as broadly as possible.

Further mirror surfaces 11a, 115, 11¢ may, for example, be
suitable for dipped-beam, main-beam or motorway headlight
switching operations.

The polygonal wheel mirror 10 1s preferably mounted such
that it can rotate about 1ts longitudinal axis 12. In this case, the
polygonal wheel mirror—as indicated by arrows 13——can be
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rotated through an angle such that a different mirror surface
115, 11c¢ 1s 1lluminated, rather than a first mirror surface 11a.
This makes 1t possible to switch between different emission
characteristics by rotation of the polygonal wheel mirror 10
about the rotation axis 12.

If the polygonal wheel mirror 10 1s rotated through small
angles, in such a way that the angle at which the incident beam
21 strikes a mirror surface 11a changes, the emission direc-
tion of the radiation can be adjusted by means of the rotation
process, with the emission characteristic otherwise remaining,
essentially unchanged. Such rotations of the polygonal wheel
mirror 10 are suitable, for example, for readjustment of the
beam cone of a headlight or parts of the beam cone of a
headlight to match the curvature of a curve when turning.

Overall, the polygonal wheel mirror which 1s mounted
such that 1t can rotate thus represents an apparatus by means
of which 1t 1s possible to select various 1llumination states and
emission directions.

Furthermore, 1t may also be possible to mount the polygo-
nal wheel mirror 10 such that it can rotate about an axis 14
which, for example, runs transversely with respect to the
longitudinal axis 12. This makes 1t possible, for example to
point the direction of the reflected radiation 22 towards the
roadway or away from the roadway. It 1s thus possible to
compensate for the inclination of a motor vehicle.

FIG. 2 shows a second exemplary embodiment of an appa-
ratus for controllable manipulation of the radiation 21, 22
emitted from a light-emitting diode 20. The illustrated appa-
ratus 1s a cylindrical mirror 30 which has a mirror surface 31
that 1s formed by a cylinder section. The mirror surface 1s
suitable for reflection of electromagnetic radiation 21 emitted
from the light-emitting diode. The optical characteristics of
the mirror surface 31 may be chosen 1n such a manner that the
reflected radiation has a desired emission characteristic.

The cylindrical mirror 30 1s mounted such that 1t can rotate
about 1ts longitudinal axis 32. The direction of the retlected
radiation 22 can be adjusted by rotation about the longitudinal
axis 32—indicated by the arrow 33. For example, the emis-
sion direction of the reflected radiation 22 can be readjusted to
match the curvature of a curve when turning. However,
depending on the arrangement of the cylindrical mirror and of
the light-emitting diode relative to one another, 1t 1s also
possible to compensate for inclination of the motor vehicle,
by rotation of the cylindrical mirror.

Furthermore and in addition 1t 1s possible to mount the
cylindrical mirror such that it can rotate about a lateral axis 35
which, for example, runs at right angles to the longitudinal
axis 32.

FIGS. 3A to 3C show a third exemplary embodiment of the
apparatus for controlled manipulation of the beam path 21, 22
of a light-emitting diode 20. In these exemplary embodi-
ments, the light-emitting diode 1s followed by a lens, for
example a projection lens 50. By way of example, the light-
emitting diode 20 1s located 1n the focal plane of the lens 50
and on the optical axis 51 of the projection lens 350. In this
exemplary embodiment, the apparatus for controllable
mamnipulation of the beam path of the light-emitting diode 20
1s a wedge-shaped pane 40. The wedge-shaped pane 40 con-
tains a transparent material, for example a glass. The wedge-
shaped pane 40 has an opening angle ¢. The wedge-shaped
pane 40 can preferably be moved transversely with respect to
the optical axis 51 of the projection lens 50—indicated by the
double-headed arrow 53. This means that the wedge-shaped
pane 40 can be moved 1nto and out of the beam path 21 of the
light-emitting diode 20.

FIG. 3B shows the wedge-shaped pane 40 moved 1nto the
beam path of the light-emitting diode 20 1n such a way that a
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portion of the radiation 21 emitted from the light-emitting
diode passes through the wedge-shaped pane 40. The radia-
tion 21 1s refracted as 1t passes through the wedge-shaped
pane 40. In consequence, the optical position and the optical
distance of the light-emitting diode 20 relative to the lens 50
are changed for that portion of the radiation which passes
through the wedge-shaped pane 40.

FIG. 3C shows the wedge-shaped pane 40 arranged 1n the
beam path 21 of the light-emitting diode 20 1n such a way that
the majority or all of the radiation emitted from the light-
emitting diode passes through the pane 40.

The degree of refraction of the radiation 21 at the wedge-
shaped pane 40 1s 1n this case governed by the refractive index
of the matenial being used and by the opening angle ¢. For
example, the wedge-shaped pane 40 can be moved 1n the
beam path of the light-emitting diode to allow continuously
variable switching between different emission characteris-
tics. For example, 1n this way it 1s possible to switch between
an urban-driving light, a dipped-beam, main-beam and a
motorway light, smoothly.

FI1G. 4 shows a fourth exemplary embodiment of the appa-
ratus for controllable manipulation of the electromagnetic
radiation emitted from the light-emitting diode 20. The appa-
ratus 1s an element 60 whose optical characteristics can be
varied by application of an electrical voltage 61. For example,
the element 60 comprises at least one of the following ele-
ments: high-voltage membrane, switchable diffusor pane,
self-darkening glass or an electrochromic material.

By way of example, the switchable diffusor pane makes 1t
possible to switch from clear vision to a milky glass by
application of an electrical voltage. This allows the radiation
from the light-emitting diode to be scattered and widened, so
that the area in front of the vehicle 1s 1lluminated more uni-
tformly. For example, this makes 1t possible to use the motor-
vehicle headlight to provide an urban-driving light, 1n a
simple manner. The degree of scatter can be adjusted, for
example, by the magnitude of the applied voltage 61.

If the element 1s a high-voltage membrane, then the ele-
ment can be used to provide adaptive optics. This means that
the high-voltage membrane changes its refractive index when
an electrical voltage 61 1s applied to 1t. This makes it possible
to switch between different emission characteristics, such as
an urban-driving light, a dipped-beam, a main-beam and a
motorway light.

If the matenal 1s a self-darkening glass or an electrochro-
mic material, then 1t 1s possible to adjust the intensity and the
colour of the emitted light 22 by application of an electrical
voltage 61.

FIG. 5 shows the arrangement of the light-emitting diode
20 relative to an optical element, for example a projection lens
70. The light-emitting diode can preferably be moved relative
to the optical element. This means that the light-emitting
diode can be moved along the direction indicated by the
arrows 73. It 1s also possible to mount the light-emitting diode
such that it can rotate relative to the projection lens 70. For
example, the light-emitting diode 20 can be mounted such
that the main emission direction of the light-emitting diode 20
does not lie on the optical axis 71 of the projection lens 70.
The angle at which the radiation emitted from the light-
emitting diode 1s projected onto the road can then be adjusted
by varying the distance between the light-emitting diode 20
and the lens 70. This makes it possible to readjust the radia-
tion from the light-emitting diode 20, for example to match
the curvature of a curve, 1n a simple manner by changing the
distance between the light-emitting diode 20 and the projec-
tion lens 70.
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FIG. 6 A shows a schematic perspective sketch of one
exemplary embodiment of the light-emitting diode 20. FIG.
6B shows the light-emitting diode 20 with light-emitting
diode optics 9.

By way of example, the light-emitting diode 20 comprises
five light-emitting diode chips 1. The light-emitting diode
chips 1 are, for example, thin-film light-emitting diode chips
1, each having a light yield of at least 20 Im per watt.

This means that, 1n the case of the light-emitting diode
chips 1, the growth substrate for the epitaxially grown layers
of the light-emitting diode chips are either thinned or
removed completely. The epitaxially grown layers are then
applied with their surface facing away from the original
growth substrate on a mount element.

Optoelectronic semiconductor chips of a thin-film design
are described, for example, 1n the documents WO 02/13281
Al or EP 0905797 A2, whose disclosure content with regard
to the thin-film design of optoelectronic semiconductor chips
1s hereby 1included expressly by back-reference.

The light-emitting diode chips 1 are preferably suitable for
production of light 1n the blue spectral band. The light-emat-
ting diode chips 1 are then followed by a luminescence con-
version material. The frequency-converted component of the
radiation emitted from the light-emitting diode chips 1 1s
preferably mixed with the non-converted component to form
white light.

The light-emitting diode chips 1 are arranged, for example,
at the bottom 2a of a housing 2. The housing 2 may, for
example, be formed from a ceramic material. The housing 2
preferably has internal walls which are designed to be reflec-
tive, at least 1n some places. The internal walls of the housing
2 may, for example, be shaped in the form of a non-1imaging
optical concentrator through which radiation passes 1n the
opposite direction, thus resulting in collimation of the radia-
tion emitted from the light-emitting diode chips 1. The inter-
nal walls of the housing 2 may be followed in the main
emission direction of the light-emitting diode chips 1 by
light-emitting diode optics 9, which may themselves be
shaped 1n the form of a non-imaging optical concentrator.

The light-emitting diode chips 1 make contact with the
contact pads 3 outside the housing 2. Conductor tracks 4
connect the contact pads 3 to connecting points 7, via which
external contact can be made with the light-emitting diode 20.

For example, the connection of the light-emitting diode 20
to the motor vehicle power supply system can be made by
means of a plug and a mating connector 6. At least one
varistor 5 provides overvoltage protection for the light-emait-
ting diode 20. The mating connector 6, varistor 3 and housing
2 are arranged, for example, on a metal core board 8, which
acts not only as a circuit board but also as a thermally con-
ductive element for the heat that 1s produced by the light-
emitting diode chips 1 during operation.

In this case, 1t 1s possible for an apparatus for dimming the
light-emitting diode chips 1 to be provided on the metal core
board 8 or outside the light-emitting diode 20. This allows the
emission characteristic of the light-emitting diode 20 to be
additionally matched to external conditions, such as the
weather or lighting conditions, by intensity variation. Fur-
thermore, the intensity of the light emitted from the light-
emitting diode 20 can also be varied by deliberately switching
individual light-emitting diode chips 1 on and off.

One headlight may have a large number of the described
light-emitting diodes 20. It 1s thus possible for an apparatus as
shown 1 FIGS. 1 to 5 to have two or more associated light-
emitting diodes 20. It 1s also possible for the light-emitting
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diodes 20 to be positioned 1n the headlight 1n such a way that
they each 1lluminate a specific spatial angle area outside the
motor vehicle. When turning, light-emitting diodes can then
be switched on or off such that the light beam from the
headlight follows the curvature of a bend, for example.

The invention 1s not restricted by the description based on
the exemplary embodiments. In fact, the invention covers
every normal feature and every combination of features, 1n
particular including every combination of features in the
patent claims, even 11 this feature or this combination is itself
not explicitly stated in the patent claims or exemplary
embodiments.

The mvention claimed 1s:

1. A motor-vehicle headlight, comprising;:

at least one light-emitting diode, and

an apparatus for controllable manipulation of the beam
path of the electromagnetic radiation emitted from the
light-emitting diode~

the apparatus for controllable manipulation of the beam
path comprising a deflection mirror shaped as an
n-edged pane, n being an integer greater than two, and

the deflection mirror having at least two mirror surfaces,
cach mirror surface arranged at an edge of the pane,
wherein the deflection mirror pivots about a longitudinal
axis of the pane such that different mirror surfaces are
illuminated by the electromagnetic radiation as the
deflection mirror pivots about the longitudinal axis,
wherein each mirror surface has a different optical char-
acteristic that 1s assigned to a light function, the detlec-
tion mirror 1s rotatable about an angle such that light of
the at least one light-emitting diode 1lluminates a first or
second of the at least two mirror surfaces, and the
assigned light functions of the mirror surfaces are cho-
sen from at least two different of the following light
functions such that the motor-vehicle headlight emaits
light with an emission characteristic assigned to the
chosen light function: urban driving light; dipped-beam;
main-beam; and motorway light, wherein the at least one
light-emitting diode 1s a light source of the motor-ve-
hicle headlight.

2. The motor-vehicle headlight-according to claim 1,

wherein the apparatus comprises a wedge-shaped pane.

3. The motor-vehicle headlight according to claim 2,

wherein the wedge-shaped pane 1s movable 1n the beam
path of the light-emitting diode.
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4. The motor-vehicle headlight according to claim 1, 2, or
3:

wherein the apparatus comprises an element, the optical

characteristics of the element are adjustable by applica-
tion of an electrical voltage.

5. The motor-vehicle headlight according to claim 4,

in which the element 1s made of an electrochromic mate-

rial.

6. The motor-vehicle headlight according to claim 4,

in which the element 1s made of self-darkening glass.

7. The motor-vehicle headlight according to claim 4,

in which the element comprises a switchable diffuser pane.

8. The motor-vehicle headlight according to claim 7,

in which the degree of scatter of electromagnetic radiation

by the diffuser pane 1s dependent on the electrical volt-
age applied to the diffuser pane.

9. The motor-vehicle headlight according to claim 4,

in which the refractive index of the element 1s dependent on

the voltage.

10. The motor-vehicle headlight according to claim 1, fur-
ther comprising

at least two light-emitting diodes, which are arranged to

illuminate different spatial angle areas.

11. The motor-vehicle headlight according to claim 10,
further comprising

having a switching apparatus which switches light-emat-

ting diodes as a function of the direction of travel of the
motor vehicle.

12. The motor-vehicle headlight according to claim 1,
wherein the optical characteristic of each of the at least two
mirror surfaces determines the emission characteristic of the
radiation which 1s reflected by each of the at least two mirror
surfaces.

13. The motor-vehicle headlight according to claim 12
wherein the emission characteristic of the radiation which 1s
reflected 1s one of the following characteristics:

shape, intensity distribution, colour, direction, beam angle.

14. The motor-vehicle headlight according to claim 1,
wherein one of the at least two mirror surfaces comprises a
sandpaper mirror which has a roughened reflective surface.

15. The motor-vehicle headlight according to claim 1,
wherein the deflection mirror 1s pivoted on an axis which runs
transversely with respect to the longitudinal axis.

16. The motor-vehicle headlight according to claim 1,
wherein the at least one light-emitting diode emits white light.
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